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IDENTIFICATION OF GENES DIFFERENTIALLY EXPRESSED IN THE
GANGLIA OF GROWING HALIOTIS ASININA
PATRICK S. YORK, SCOTT F. CUMMINS, SANDIE M. DEGNAN, BEN J. WOODCROFT
AND BERNARD M. DEGNAN*
School of Biological Sciences, University of Queensland, Brisbane, Queensland, 4072, Australia
ABSTRACT There is currently a paucity of specific genetic data regarding growth and reproduction-related processes in
abalone, marine vetigastropods of commercial value. However, strong inferences about these processes can be drawn from other
molluscs. For example, ganglia from the gastropodsAplysia andLymnaea are known to produce neuropeptides related to growth,
feeding behavior, and reproduction. Here, we use suppression subtractive hybridization to identify expressed genes that may be
linked to the control of growth and feeding in the tropical abalone Haliotis asinina. Two pools of suppression subtractive
hybridization clones were obtained from messenger RNA derived from H. asinina cerebral and pleuropedal ganglia,
corresponding to genes differentially expressed in (1) well-nourished animals relative to food-deprived ones and (2) well-
nourished animals relative to reproductively active ones. From these subtractions, respectively, 204 and 214 unigenes were
identified in 222 and 231 sequenced clones, with 18 of these unigenes common to both subtractions. A subset of the putative
differentially expressed genes was confirmed by quantitative polymerase chain reaction, validating this approach. The transcripts
that are differentially expressed in the ganglia of growing H. asinina fall into a wide range of functional categories, including
biological regulation, cell proliferation, and metabolic process, and include genes encoding Phe-Met-Arg-Phe-NH2 (or, FMRF-
amide), myomodulin, CDC123, RAB37, and dermatopontin.
KEY WORDS: abalone, growth, tropical abalone, Haliotis asinina, neuropeptide, differential expression
INTRODUCTION
Despite the established importance of abalone (Haliotidae;
Vetigastropoda) as a significant aquaculture species (Gordon &
Cook 2004), relatively few genes of potential commercial value
have been identified from this group of molluscs. For example,
a neuropeptide related to feeding and reproduction, myomo-
dulin, has not been reported in haliotids, despite its character-
ization in other gastropods (Miller et al. 1993, Kellett et al.
1996). In terms of abalone production, there is interest both in
improving growth rates and controlling reproduction. In other
gastropods, there appears to be an antagonism between growth
and reproduction that is manifested, at least in part, by the
differential expression of certain genes in the ganglia. These
genes encode neuropeptides that are known to regulate growth,
feeding behavior, hormonal processes, neurotransmission, and
reproduction (Geraerts et al. 1991, Geraerts et al. 1992, Miller
et al. 1993, Kellett et al. 1996, Smit et al. 1996, Perry et al. 1998,
Vilim et al. 2000, Proekt et al. 2005). The expression of these
neuropeptide genes is controlled by transcriptional regulators
whose own expression is contingent on the developmental and
physiological state of the animal (O’Brien & Degnan 2000).
Given this background, we hypothesize that ganglia from
satiated, fast-growing abalone will express genes controlling
growth and feeding at different levels compared with animals
that are either in an unfed state or a reproductively active state.
To identify genes that are differentially expressed in the ganglia
of nonreproductive, actively growing abalone, we used sup-
pression subtractive hybridization (SSH). SSH identifies tran-
scripts with abundance that differs from one tissue to another.
In this study, we focused on the abaloneHaliotis asinina, a fast-
growing species (McNamara & Johnson 1995) that is currently
of commercial importance in Southeast Asia (SEAFDEC/AQD
Highlights 2006). Because all haliotids appear to develop and
grow in a similar manner, and have a high level of genomic
conservation (Giusti et al. 2000, Coleman & Vacquier 2002,
Degnan et al. 2006), the roles ofH. asinina genes in growth and
reproduction are likely to be shared by other commercially
important abalone species.
MATERIALS AND METHODS
Animals
Broodstock were obtained from Heron Island Reef (Great
Barrier Reef, Queensland, Australia) under permit, transported
to Bribie Island Research Center (Department of Employment,
Economic Development and Innovation) and were spawned.
Spat were settled 96 h after spawning and grown out in flow-
through tanks in partial sunlight. These juvenile animals were
fed to satiety on the abundant, naturally growing algae and
diatoms from the sides of their tanks, with occasional supple-
mentary feed purchased from Adam & Amos Abalone Foods
Pty. Ltd. (Mount Barker, Australia) (www.adamamos.com).
Adult reproductively active animals were fed artificial food as
described, with occasional supplements of Gracillaria edulis.
Treatments
Individual juvenile animals age 385 days postfertilization
(DPF) were tagged for identification, and growth was tracked
by measuring animal weight and shell length at periodic in-
tervals (Fig. 1). At 426 DPF, juveniles were split into 2 cohorts
based on growth rate. The faster growing cohort was sacrificed
at that time (5 animals, designated fed ganglia or FG), and the
slower growing cohort (5 animals, designated hungry ganglia or
HG) was transferred to an inside isolation tank with flow-
through seawater and no food. HG animals were kept in the
isolation tank for 3 wk. Two further weight measurements were
taken during this period (at 440 DPF and 447 DPF), and the*Corresponding author. E-mail: b.degnan@uq.edu.au
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HG animals were sacrificed at 447 DPF. Adult reproductively
active animals (ex-broodstock) were sacrificed during the
breeding season (designated reproductively active ganglia, or
RAG).
RNA Isolation
Animals were anesthetized at –80C for 10–12 min and then
decapitated. Cerebral and pleuropedal ganglia were removed,
put immediately into RNALater (Ambion, Austin, TX), and
stored at 20C.
RNA was isolated with the Oligotex Direct messenger RNA
(mRNA) Mini Kit (QIAGEN, Hilden, Mettmann, Germany)
per the manufacturer’s protocol, and stored at –80C. Cerebral
and pleuropedal ganglia (CG and PPG) were combined to make
each of 3 samples of SSH-destined RNA sample: FG (ganglia
from 2 FG males), HG (2 HG males), and RAG (1 RAG male
and 1 RAG female). RNA for quantitative polymerase chain
reaction (qPCR) was isolated from the 3 remaining members of
each cohort using TRI Reagent (Sigma-Aldrich, St. Louis,MO)
per the manufacturer’s instructions, and was quantitated at 280
nmwith aNanoDropND-1000 spectrophotometer (NanoDrop
Products, Wilmington, DE).
Complementary DNA Synthesis and Amplification
Complementary DNA (cDNA) for SSH was made and
amplified with the Clontech Super SMARTPCR cDNA Syn-
thesis Kit (Clontech, Mountain View, CA) per the kit manual
instructions, except the optimal PCR cycle number was de-
termined by subtracting 2 cycles instead of the recommended 1
cycle to increase stringency of proportionate amplification. A
CHROMA-SPIN + TE-400 column (Clontech) with buffer
exchange protocol to distilled water was used to target smaller
transcripts.
For qPCR analysis, cDNA was reverse transcribed from
DNaseI-treated RNA using SuperScript III Reverse Transcrip-
tase (Invitrogen, Carlsbad, CA) as described by Williams et al.
(2009). For each RNA sample, a control was prepared in which
the reverse transcriptase (RT) was not added to the reaction.
Samples and no-RT controls were tested by PCR, using Has
ubiquitin primers (Williams et al. 2009).
Suppression Subtractive Hybridization
The PCR-Select cDNA Subtraction Kit (Clontech) was used
to create 2 pools of SSH clones. The first used FG cDNA as the
tester and HG as the driver. The second used FG as the tester
and RAG as the driver.
cDNA from each finalized subtraction were ligated into the
pGEM-T Easy plasmid vector (Promega, Madison, WI) and
cloned into XLI-Blue Escherichia coli. Insert-containing clones
were screened by PCR using vector-specific oligonucleotide
primers (5#GTTTTCCCAGTCACGACGTT, 5#-GACCATG-
ATTACGCCAAGCTA). Amplicons containing a cDNA insert
were purified using Millipore’s (Millipore, Billerica, MA) Multi-
Screen PCRm96 Plates, and were checked for size and concentra-
tion by agarose gel electrophoresis with ethidium bromide stain-
ing. Unidirectional sequencing was performed by the Australian
Genome Research Facility (Brisbane, Queensland, Australia).
Resulting sequences were vector trimmed and adaptor se-
quences were removed using the CodonCode Aligner, Version
2.0.6 (CodonCodeCorp, Dedham,MA) (www.codoncode.com),
and were checked by manual inspection. Sequence assembly was
performed with the CAP3 program (Huang & Madan 1999),
using sequences generated in this study, unpublished H. asinina
sequences, and previous published sequences (O’Brien&Degnan
2000, O’Brien & Degnan 2002a, O’Brien & Degnan 2002b,
Hinman&Degnan 2002, Hinman et al. 2003, O’Brien &Degnan
2003, Jackson et al. 2005, Streit et al. 2005, Jackson & Degnan
2006, Jackson et al. 2006, Gunter & Degnan 2007, Koop et al.
2007, Williams et al. 2009) from an in-house database. All
resulting discrete sequences, contigs and singlets, were used to
search the NCBI database (www.ncbi.nlm.nih.gov), using
BLASTx with default settings and a cutoff E value of 10–6.
Functional groupings were assigned when possible using the
Gene Ontology database (www.geneontology.org).
Differential Expression Analysis of Selected Genes by qPCR
Four sequences were arbitrarily selected from each SSH clone
pool to confirm differential expression levels between abalone
ganglia cohorts by qPCR using a Corbett Rotor-Gene 6000
thermocycler (QIAGEN). Primers were designed using the
Primer3 (Vers. 0.4.0) program (http://frodo.wi.mit.edu/) (Rozen
& Skaletsky 2000), and are detailed in Table 1. Technical and
biological replicates were used in all cases. Resulting values were
normalized against the 3 reference genes Has-ubiquitin, Has-
NACA, andHas-DAu1506, chosen using the geNorm (Vers. 3.5)
program (Vandesompele et al. 2002) from the pool of potential
reference genes described by Williams et al. (2009) (see Table 1
for oligonucleotide primer sequences). Nontemplate controls and
also 1:10 dilution calibrator samples made with pooled ganglia
cDNA were used in all cases. Results were normalized and
compared using the Relative Expression Software Tool for
Rotor-Gene 3000 and 6000, version 3 (Pfaffl et al. 2001). A 2-
tailed, unpaired Student’s t-test was used to validate differences
in expression, with P values of 0.05 or better deemed significant.
RESULTS
Animal Growth Rates
Animals in the combined FG and HG cohorts grew ex-
tremely well to 426 DPF, with some individuals from the FG
cohort almost doubling in size over 41 days. Average weight
Figure 1. Growth rates of fed and starved abalone used in suppression
subtractive hybridization. Cerebral and pleuropedal ganglia were removed
from satiated animals (fed ganglia, FG) and hungry animals (hungry
ganglia, HG) for use in suppression subtractive hybridization. Time points
are the ages of the animals in days postfertilization (DPF). HG animals
were deprived of food at 426 DPF. Growth curves shown are broadly
typical of the remaining animals of their respective cohorts.
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increase for both cohorts over a 20-day period was approxi-
mately 53%, with individual weight increases during that time
ranging from approximately 36–74%. The two fastest growing
males (Fig. 1) were selected for use in SSH. After segregation to
the isolation tank, the HG cohort initially increased slightly in
weight, although visible muscle wasting was apparent. Shell
lengths increased, as indicated by a bright-blue band of new
shell evident at the leading edge of the shell in all cases. A further
week in isolation showed further visually evident muscle
wasting and a general drop in overall body weights. Ganglia
from the 2 males with body weights that were reduced by the
greatest amount (9–10%) between the final 2 time points of 440
DPF and 447 DPF were used for SSH.
Identification of Differentially Expressed Genes in the Ganglia
In total, 570 clones were sequenced (285 per pool of SSH
clones). After vector and quality trimming, 222 and 231 high-
quality sequences were obtained from the FG/HG and FG/
RAG SSH libraries, respectively. Average, unassembled, qual-
ity-trimmed sequence length for each pool was 394 bp for the
FG/HG pool and 390 bp for the FG/RAG pool. Sequences
shorter than 45 bp after quality trimming were discarded. After
assembly by the CAP3 program (Huang & Madan 1999), 186
and 196 unique sequences were obtained from the FG/HG
(34 contigs and 152 singlets) and FG/RAG (41 contigs and 155
singlets) pools, respectively. Eighteen additional contigs were
shared between the two pools (Fig. 2). Sixty-four of the 400
unigenes matched with previously published and unpublished
H. asinina sequences. All usable sequences were submitted to
Genbank under accession numbers (GT067284–GT067736).
Identification of unigenes by BLASTx of the NCBI database
resulted in 78 significantmatches (Tables 2 and 3). A total of 322
unigenes remain unidentified. The FG/HG and the FG/RAG
library had 29 and 43 unigenes with significant matches,
respectively. An additional 6 unigenes with significant matches
occurred in both libraries. Identified unigenes were assigned
function using the Gene Ontology database (Table 2, Fig. 3).
Differential Expression Analysis of Selected Genes
To confirm that specific genes are differentially expressed in
FG, HG, and RAG ganglia, qPCR was undertaken on ganglia
cDNA pooled from 3 individuals from each cohort. Eight genes
were surveyed (Fig. 4). Phe-Met-Arg-Phe-NH2 (FMRF-amide),
RAB37, and myomodulin transcripts, which were identified
in the FG-versus-HG comparison, were significantly higher in
abundance in the FG cohort than in the HG cohort (Fig. 4),
with Student’s t-test P values of 1.64 E–6, 1.19 E–5, and 0.026,
Figure 2. Unigene sequence distributions between FGHG and FGRAG
clone pools.
TABLE 1.
Oligonucleotide primers for qPCR.
Target Gene Primer Sequences Temperature (C)
Has-Myomodulin F: ACGGTCGGACGAGAAAGTTGATGG 67
R: TGATGGGTTTGTTGGGAGGGATG
Has-FMRF-amide F: GGTGGATGTGAAACAGCGAACAGTC 68
R: TTCGGGAAGCGAGATTCTGGTG
Has-RAB37 F: GTCACACAGGGCTGAAAGACACATC 70
R: CTTCCACGTCAACGACTTTGTTCC
Has-SPATA1 F: TGACAGTCCCAAGGGAAACAACC 70
R: CGGCCGCACTGTTGTATTTGTC
Has-CDC123 F: ACAAGGGACATCTGACGCTGGTTG 70
R: GGGTTTGGCTGAACTCCATCCTTG
Has-Dermatopontin F: TCATTAGCGGCGTCATCAGTTTCC 71
R: TGTGCCACAGTGCACCAAATGTC
Has-Stearoyl CoA desaturase F: GGTGGTCACGACTCCACTCAAATAC 68
R: GGCATCACAGCAGGAACACATC
Has-CHRNA7 F: GGACGCTCAAGACTGTTGTAGTTGG 69
R: CGACGTGAATGTTGACGAGTGG
Has-ubiquitin F: TGGCAAGCAGTTGGAAGATGGT 57
R: CAGTTGTACTTGGAGGCCAGGAT
Has-NACA F: TGTCGCAAGCCAACGTTTCA 57
R: GACAGCATGTTCAGCACTGGT
Has-DAu1506 F: AGATGCGTGTATGCTGGAGT 57
R: TGGGTACATGCCAATGCT
F, forward; R, reverse.
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respectively. From the FG-versus-RAG SSH analysis, CDC123
and dermatopontin genes were found to be upregulated. qPCR
analysis confirms these transcripts are more abundant in the FG
cohort relative to the RAG cohort, withP values of 7.64 E–5 and
2.29 E–7, respectively. SPATA1, from the FG-versus-HG com-
parison, showed slight, nonsignificant downregulation in the FG
cohort. Stearoyl CoA desaturase and CHRNA7, both from the
FG-versus-RAG comparison, also did not show statistically
significant differences in expression, although expression levels
were slightly higher in the RAG cohort for CHRNA7.
DISCUSSION
Although a number of genes related to the control of growth,
reproduction, and feeding have been found in molluscs (Geraerts
et al. 1991, Geraerts et al. 1992, Lopez et al. 1993, Kellett et al.
1996, Smit et al. 1996), there is currently a paucity of such se-
quences in abalone. In this studywe focused on genes expressed in
anterior cerebral and pleuropedal ganglia of the tropical abalone
H. asinina, because evidence to date from other molluscs suggests
that these ganglia are central to the control of growth and
reproduction (Geraerts et al. 1991, Geraerts et al. 1992, Lopez
et al. 1993, Kellett et al. 1996, Smit et al. 1996). Using an SSH
approach (Diatchenko et al. 1996, Hillmann et al. 2009) we
identified genes differentially expressed in these ganglia in
tropical abalone in different physiological states that were
either induced through differential feeding regimes (i.e., fed to
satiation vs. starved) or in different natural reproductive states
(i.e., fast-growing juvenile vs. reproductively active adult). After
subtracting transcripts that are common to starved and re-
productively active abalone, we identified a diversity of
expressed sequence tag (EST) differentially expressed in the
ganglia of well-fed juvenile abalone. In this survey, 400 unigenes
were identified, of which 4.5% (18 unigenes) were shared
between the 2 SSH analyses.
We classified 19.5% of the unigenes into a functional or
structural category based on significant sequence similarity to
genes in other species currently lodged in GenBank; they fall
into a broad range of categories. The remaining 80.5% of
unigenes do not significantly match with any known sequences,
suggesting they are either lineage-specific genes, some of which
may be unique to haliotids, or are partial cDNA sequences that
correspond to nonconserved regions of the mRNA (e.g., the 3#
untranslated region). The low redundancy of our SSH clone
pools suggests that further sequencing of these libraries will
yield additional putative abalone growth-related genes.
Analysis of a subset of genes by qPCR confirmed that most
of the genes identified by SSH in this study are likely to be
differentially expressed, supporting the use of this method to
identify rapidly ESTs of potential interest. Five of 8 genes tested
by qPCR had higher expression in the ganglia of fed juvenile
abalone than unfed juvenile and fully grown, reproductively
active adult abalone, respectively. Such evidence of successful
subtraction compares favorably with subtraction validation
efforts used in other studies (de la Vega et al. 2007, Wang
et al. 2008, Green et al. 2009). Taken together, our results
suggest a successful subtraction, and thereby imply that a large
proportion of the remaining transcripts in both SSH clone
pools are also upregulated during conditions of fast growth.
More important, from a biological perspective, these results
confirm that there are significant differences in the ganglionic
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transcriptomes in H. asinina fed to differing extents,
and between abalone in different phases of the reproduction
cycle.
From 400 unigenes, we obtained 78 significant BLASTx
matches, a hit rate of 19.5%. By comparison,Wang et al. (2008)
and Green et al. (2009) achieved hit rates between 61% and
62%, whereas de la Vega et al. (2007) achieved approximately
33%. Our lower hit rate is most likely the result of our relatively
stringent significance threshold of 10–6 E value for BLAST
results when compared with the thresholds of Wang et al.
(2008), Green et al. (2009), and de la Vega et al. (2007) of 10–3,
10–5, and 10–5, respectively. When comparing the sequences
obtained from the 2 SSH comparisons, there were 18 sequences
in common, supporting the notion that this overall strategymay
uncover genes associated with rapid growth.
Conserved Genes Uncovered during This Screen That May Be
Involved in Growth Regulation
Neuropeptides are one of the key agents in controlling the
physiological state of molluscs (Greenberg & Price 1979,
Cropper et al. 1987, Geraerts et al. 1991, Perry et al. 1998,
Vilim et al. 2000, Proekt et al. 2005, Bechtold&Luckman 2007).
Although this study has the potential to identify genes encoding
peptides associated with growth, we identified only 3 unigenes
that significantly match known neuropeptides: FMRF-amide,
myomodulin, and angiopoietinlike 7. We attribute this result to
a relatively low overall number of clones sequenced, and to
a low overall percentage of secretory proteins and neuropep-
tides found in neural mRNAs (Moroz et al. 2006). There are
also technical reasons stemming from the nature of the
sequences obtained in SSH. In particular, the enrichment of
the 3# sequence from transcripts means that open reading
frames (ORFs) are either only partially sequenced or not
sequenced at all (i.e., only the 3# untranslated region (UTR)
sequence was obtained). Because diagnostic signal peptides are
located at the 5# end of the ORF, these will be largely missed in
EST sequences corresponding to genes encoding divergent or
novel peptides. Notably, the percentage of secretory proteins
and neuropeptide transcripts found in our annotated sequences
is approximately 5.4%, which compares favorably with the
corresponding percentage of approximately 5% obtained by
Moroz et al. (2006), in their excellent Aplysia neural tran-
scriptome study. Analysis of the H. asinina mantle secretome
reveals that the genome encodes a large diversity of novel,
secreted proteins (Jackson et al. 2006, Jackson et al. 2010).
Nonetheless this SSH screen identified a number of candidate
growth regulating genes, some of which encode secreted pro-
teins described briefly below.
The H. asinina FMRF-amide gene encodes a precursor
protein that is cleaved to produce multiple neurotransmitters,
including FMRF-amide and FMRF-related peptides (Genbank
nos. ACD65487 and ACD65488). In other molluscs, FMRF-
amide is involved in negative regulation of food intake and
cardio-excitation (Greenberg & Price 1979, Bechtold & Luck-
man 2007). The overall FG cohort upregulation of FMRF-
amide is unsurprising, because well-fed abalone would require
ongoing negative regulation of food intake, whereas the unfed
HG cohort would not.
RAB37 is a member of the Ras oncogene family, which is
localized to secretory granules and is established as having
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a regulatory role in secretion (Fukuda 2008). A role for RAB37
in insulin secretion has been suggested by Brunner et al. (2007).
There is strong evidence that insulin-related peptides act as
growth-promoting hormones in molluscs (Geraerts et al. 1991,
Geraerts et al. 1992, Smit et al. 1996). Based on the unequivocal
FG cohort upregulation of RAB37 in our study, and that
RAB37 has a well-established role in secretion, we infer that
RAB37 may influence growth in abalone by means of a regula-
tory role in the secretion of insulin or another regulatory factor.
In addition, given its impact on tumorigenesis (e.g., Dobashi
et al. 2009,Wu et al. 2009), RAB37 might also directly influence
molluscan cell division.
SPATA1 appears to be involved in sperm head formation,
and inmice is found exclusively in the testes (L’Hoˆte et al. 2007).
Mutations are known to cause infertility; sperm are still pro-
duced, but are infertile (L’Hoˆte et al. 2007, Giesecke et al. 2009).
L’Hoˆte et al. (2007) suggest a role for SPATA1 in structural
maintenance of chromosomes. The lack of significant expres-
sion variation between FG and HG cohorts is uninformative,
and this gene’s biological role in abalone ganglia remains
a matter of speculation.
The myomodulin gene, found in our study to be significantly
upregulated in the FG cohort, encodes multiple neuropeptides
and has been found in Aplysia and Lymnaea (Lopez et al. 1993,
Kellett et al. 1996). Myomodulin peptides play roles in feeding
behavior (Cropper et al. 1987, Perry et al. 1998, Proekt et al. 2005)
and reproduction (van Golen et al. 1996, De Lange et al. 1998).
CDC123 is a positive regulator of cell division (Bieganowski
et al. 2004, Okuda & Kimura 1996) that has a potential link to
insulin release (Grarup et al. 2008). CDC123 gene expression is
reportedly controlled by nutrient availability (Bieganowski et al.
2004). These characteristics are all consistent with its observed
upregulation in ganglia from fed, fast-growing juvenile abalone.
Molluscan dermatopontins are extracellular matrix proteins
that are a major constituent of the proteinaceous matrix of
abalone shell (Marxen et al. 2003) and appear to play roles in
the molluscan immune system (Okamoto & Fujiwara 2006). In
mammals, dermatopontin is in involved in the modulation of
Figure 3. Distribution of biological process ontologies of unigenes, by suppression subtractive hybridization clone pool. The ‘‘Other’’ category includes
the biological processes cell adhesion, cell motion, cellular localization, developmental process, transport, oxygen transport, lipid transport, ribosome
biogenesis, spermatogenesis, muscle contraction, immune response, and transposition, none of which represented more than 2 genes per clone pool.
Partially characterized genes with BLASTx matches better than a 10–6 E value that currently have ‘‘unlisted biological process’’ ontology on the Gene
Ontology database (www.geneontology.org) also fall under ‘‘Other.’’
Figure 4. Quantitative qPCR collective cohort results. Error bars represent SE. *Significant upregulation (P# 0.05). **Significant upregulation (P#
0.01).
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cell proliferation (Okamoto et al. 1999, Takeuchi et al. 2006).
Although the role of dermatopontin in theH. asinina ganglia is
unknown, its overall upregulation in the FG cohort is consistent
with a role in cell proliferation.
Stearoyl CoA desaturase is a lipogenic enzyme that catalyzes
the synthesis of monounsaturated fatty acids from saturated
fatty acids (Flowers &Ntambi 2009), and has a well-established
link to obesity (Flowers & Ntambi 2009) in organisms ranging
from humans to Caenorhabditis elegans (Brock et al. 2007).
Interestingly, there was no significant difference in the expres-
sion of this gene in FG and RAG cohorts, as both were well fed.
We propose this gene as an excellent candidate for future studies
of adiposity in abalone.
CHRNA7 is a subunit of the nicotinic acetylcholine re-
ceptor, and is reported here in H. asinina for the first time.
CHRNA7 was chosen for qPCR because of the nicotinic
acetylcholine receptor’s well-established link with metabolic
rate, appetite, and satiety, and therefore body weight and
obesity (Grunberg et al. 1988, Jo et al. 2002, Guan et al. 2004).
Here we draw a distinction between genes that encode
nonsecreted proteins and genes that encode either secreted
peptides or putative regulators of neuropeptide secretion.
Secreted neuropeptides can affect tissues remote from the site
of gene expression by traveling via the hemolymph. To in-
vestigate growth, examination of ganglia gene expression is
therefore entirely appropriate for genes encoding neuropeptides
and for putative regulators of their secretion (e.g., myomodulin,
FMRF-amide, RAB37). By comparison, nonsecreted putative
regulators of cell division such as CDC123 and dermatopontin,
and genes affecting fat metabolism such as stearoyl CoA
desaturase are more limited to expression sites in their effects,
and their expression is known to vary between tissue types
(Onisto et al. 1998, Heinemann & Ozols 2003, Okamoto &
Fujiwara 2006). Further examination of tissue-specific gene
expression will be required to characterize fully the role these
genes play in abalone growth.
CONCLUSIONS
We have successfully used SSH to identify ganglionic ESTs
from the tropical abalone H. asinina that are differentially
expressed during periods of rapid growth. This is the first step in
understanding changes in haliotid ganglia expression of genes
known to affect growth and reproduction in other molluscs
(Geraerts et al. 1991, Smit et al. 1996, van Golen et al. 1996, De
Lange et al. 1998). These anterior ganglia are known to be
a primary source of regulatory neuropeptides (Cropper et al.
1987, Geraerts et al. 1991, Geraerts et al. 1992, Lopez et al.
1993, Miller et al. 1993, Kellett et al. 1996, Smit et al. 1996,
Proekt et al. 2005, Moroz et al. 2006), although only a few such
peptides were identified in this screen. Nonetheless, a number of
genes associated with controlling growth and cell proliferation
have been identified. The methodological approach we have
taken to isolate genes involved in growth, reproduction, and
feeding has been validated, and genes likely to be involved in
growth via cell division have been identified. Finally, a start has
been made on the abalone neural transcriptome, and it is clear
that many more genes of great scientific interest are left to be
identified in this fascinating creature.
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